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PURPOSE: To provide an image formation and an exposure 
system, in which a repetitive pattern is projected using most 
properly polarized light to obtain a high-resolution image. 
CONSTITUTION: A repetitive pattern on a reticle 4 is 
illuminated by a lighting system. A beam of light diffracted from 
the pattern is admitted to the pupil of an optical projection 
system to project the pattern onto a wafer 6. A deflector 9 is 
used to select a projection beam that is linearly polarized in a 
plane perpendicular substantially to the direction in which the 
period of the pattern is minimized. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The image formation approach characterized by carrying out image formation of the line-like 
pattern with the polarization beam which polarized to the longitudinal direction of this pattern. 
[Claim 2] The image formation approach of claim 1 characterized by illuminating said pattern by said 
polarization beam. 

[Claim 3] The image formation approach of claim 1 characterized by illuminating said pattern by the beam 

which is not polarizing and extracting said polarization beam from the beam from said pattern. 

[Claim 4] Claims 1 and 2 or the 3 image formation approaches which are characterized by performing image 

formation of said pattern by two diffraction beams from said pattern substantially. 

[Claim 5] The image formation approach of claim 4 characterized by the beam for lighting carrying out 

oblique incidence to said pattern. 

[Claim 6] Said pattern is the image formation approach of claim 4 characterized by having the phase shifter. 
[Claim 7] The device manufacture approach which carries out image formation of the line-like pattern to 
processing Kataue with the polarization beam which polarized to the longitudinal direction of said line, and 
is characterized by imprinting said pattern to this processing Kataue, and manufacturing the device. 
[Claim 8] The device manufacture approach of claim 7 characterized by illuminating said pattern by said 
polarization beam. 

[Claim 9] The device manufacture approach of claim 7 characterized by illuminating said pattern by the 
unpolarized light beam, and extracting said polarization beam from the beam from said pattern. 
[Claim 10] The device manufacture approach of claim 7 characterized by performing image formation of 
said pattern by two diffraction beams from said pattern substantially. 

[Claim 1 1 ] The device manufacture approach of claim 1 0 characterized by the beam for lighting carrying 
out oblique incidence to said pattern. 

[Claim 12] Said pattern is the device manufacture approach of claim 10 characterized by having the phase 
shifter. 

[Claim 13] The aligner characterized by projecting on a substrate said pattern which illuminated the line-like 
pattern with the polarization beam which polarized to the longitudinal direction of said pattern with the 
lighting means, and was illuminated with the polarization beam from said lighting means with a projection 
means, and exposing it. 

[Claim 14] Said lighting means is the aligner of claim 13 characterized by making it put slanting ON about 
said polarization beam to said pattern. 

[Claim 15] The aligner characterized by projecting on a substrate said pattern which illuminated the line-like 
pattern with the unpolarized light beam with the lighting means, and was illuminated with the unpolarized 
light beam from said lighting means by the polarization beam which polarized to the longitudinal direction 
of said pattern with the projection means, and exposing it. 

[Claim 16] Said lighting means is the aligner of claim 15 characterized by making it put slanting ON about 
said unpolarized light beam to said pattern. 

[Claim 17] The image formation approach characterized by carrying out image formation of the repeat 
pattern with the polarization beam which polarized in the direction where the period of a repeat becomes the 
smallest, and the direction which intersects perpendicularly substantially. 

[Claim 18] The image formation approach of claim 17 characterized by illuminating said pattern by said 
polarization beam. 

[Claim 19] The image formation approach of claim 17 characterized by illuminating said pattern by the 
beam which is not polarizing and extracting said polarization beam from the beam from said pattern. 
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[Claim 20] Said pattern is the image formation approach of claim 17 characterized by including the pattern 
which consists of a line and a tooth space. 

[Claim 21] Said pattern is the image formation approach of claim 17 characterized by including the dot- like 
pattern. 

[Claim 22] Claims 17, 18, 19, and 20 or the 21 image formation approaches which are characterized by 
performing image formation of said pattern by two diffraction beams from said pattern substantially. 
[Claim 23] The image formation approach of claim 22 characterized by the beam for lighting carrying out 
oblique incidence to said pattern. 

[Claim 24] Said pattern is the image formation approach of claim 22 characterized by having the phase 
shifter. 

[Claim 25] The device manufacture approach which carries out image formation of the repeat pattern to 
processing Kataue with the polarization beam which polarized in the direction where the period of said 
repeat becomes the smallest, and the direction which intersects perpendicularly substantially, and is 
characterized by imprinting said repeat pattern to this processing Kataue, and manufacturing the device. 
[Claim 26] The device manufacture approach of claim 25 characterized by illuminating said pattern by said 
polarization beam. 

[Claim 27] The device manufacture approach of claim 25 characterized by illuminating said pattern by the 
unpolarized light beam, and extracting said polarization beam from the beam from said pattern. 
[Claim 28] Said pattern is the device manufacture approach of claim 25 characterized by including the 
pattern which consists of a line and a tooth space. 

[Claim 29] Said pattern is the device manufacture approach of claim 25 characterized by including the dot- 
like pattern. 

[Claim 30] Claims 25, 26, 27, and 28 or the 29 device manufacture approaches which are characterized by 
performing image formation of said pattern by two diffraction beams from said pattern substantially. 
[Claim 31] The device manufacture approach of claim 30 characterized by the lighting beam carrying out 
oblique incidence to said pattern. 

[Claim 32] Said pattern is the device manufacture approach of claim 30 characterized by having the phase 
shifter. 

[Claim 33] The aligner characterized by projecting on a substrate said pattern which illuminated the repeat 
pattern with the polarization beam which polarized in the direction where the period of said repeat becomes 
the smallest with a lighting means, and the direction which intersects perpendicularly substantially, and was 
illuminated with the polarization beam from said lighting means with a projection means, and exposing it. 
[Claim 34] Said lighting means is the aligner of claim 33 characterized by making it put slanting ON about 
said polarization beam to said pattern. 

[Claim 35] The aligner characterized by projecting on a substrate said pattern which illuminated the repeat 
pattern with the unpolarized light beam with the lighting means, and was illuminated with the unpolarized 
light beam from said lighting means by the polarization beam which polarized in the direction where the 
period of a repeat becomes the smallest with a projection means, and the direction which intersects 
perpendicularly substantially, and exposing it. 

[Claim 36] Said lighting means is the aligner of claim 35 characterized by making it put slanting ON about 
said unpolarized light beam to said pattern. 

[Claim 37] The image projection approach characterized by illuminating a pattern with periodicity by the 
flux of light of the linearly polarized light corresponding to the periodic direction of this pattern, and 
projecting this pattern on a predetermined side according to a projection optical system. 
[Claim 38] The image projection approach which illuminates by the flux of light of the linearly polarized 
light which has plane of polarization in the direction which intersects a pattern with periodicity 
perpendicularly with the array direction of this pattern, is made to carry out incidence of the diffracted light 
produced from this pattern to the pupil of a projection optical system, and is characterized by projecting this 
pattern on a predetermined side. 

[Claim 39] The image projection approach which illuminates by the flux of light which has plane of 
polarization in the direction which carries out the abbreviation rectangular cross of the pattern which has 
periodicity through the polarization equipment which can change the polarization direction of the linearly 
polarized light into arbitration, and can be made to inject the flux of light from an illumination system to the 
direction where the period serves as the shortest, make carry out the incidence of the diffracted light which 
produces from this pattern to the pupil of a projection optical system, and is characterized by to project this 
pattern on a predetermined side. 
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[Claim 40] The aligner characterized by illuminating the pattern which has the periodicity on a reticle side 
by the flux of light from an illumination system, and illuminating by the flux of light of the linearly 
polarized light which has plane of polarization in the direction which carries out the abbreviation rectangular 
cross of this pattern to the direction where the period of this pattern serves as the shortest in case incidence 
of the diffracted light produced from this pattern is carried out to the pupil of a projection optical system and 
the image of this pattern is projected on a wafer side. 

[Claim 41] The image projection approach characterized by having projected using the flux of light of the 
linearly polarized light corresponding to the periodic direction of this pattern in case a pattern with 
periodicity is illuminated and this pattern is projected on a predetermined side according to a projection 
optical system. 

[Claim 42] The image projection approach characterized by having projected in the array direction of this 
pattern, and the direction which intersects perpendicularly using the flux of light of the linearly polarized 
light which has plane of polarization in case a pattern with periodicity is illuminated, incidence of the 
diffracted light produced from this pattern is carried out to the pupil of a projection optical system and this 
pattern is projected on a predetermined side. 

[Claim 43] The image projection approach characterized by to choose the flux of light which has plane of 
polarization in the direction which carries out an abbreviation rectangular cross to the direction where the 
period of this pattern serves as the shortest with polarization equipment, and to project this pattern in case 
the pattern which has periodicity by the flux of light from an illumination system is illuminated, incidence of 
the diffracted light produced from this pattern is carried out to the pupil of a projection optical system and 
this pattern is projected on a predetermined side. 

[Claim 44] The aligner characterized by to have chosen and projected the flux of light of the linearly 
polarized light which has plane of polarization in the direction which carries out an abbreviation rectangular 
cross to the direction where the period of this pattern serves as the shortest with polarization equipment in 
case the pattern which has the periodicity on a reticle side by the flux of light from an illumination system is 
illuminated, incidence of the diffracted light produced from this pattern is carried out to the pupil of a 
projection optical system and the image of this pattern is projected on a wafer side. 
[Claim 45] The semiconductor device manufacture approach characterized by having the process which 
prepares the original edition with a circuit pattern, and a wafer, and the process which carries out the 
exposure imprint of the circuit pattern of the original edition at a wafer by one approach of claims 37, 38, 
39,41,42, and 43. 

[Claim 46] The semiconductor device characterized by being manufactured by the manufacture approach of 
claim 45. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the device manufacture approach using the aligner and this 
approach of using the image formation approach and this approach. 

[0002] In case especially this invention manufactures each device, such as IC, LSI, CCD, a liquid crystal 
panel, and the magnetic head, it relates to the device manufacture approach using the aligner and this 
approach using the useful image formation approach and this approach. 

[0003] In addition, this invention relates to the aligner using the image projection approach and it which can 
illuminate an electronic-circuitry pattern (pattern) with the small line breadth on reticle or a mask ("reticle" 
is called below) side by the suitable flux of light in the stepper who is the manufacturing installation of a 
semiconductor device, and can be projected by high resolution on a wafer side. 
[0004] 

[Description of the Prior Art] Since the demand to high integration of semiconductor chips, such as IC and 
LSI, is increasing, various amelioration for improvement in the so-called resolution of the stepper (cutback 
projection aligner) who imprints by carrying out cutback projection of the circuit pattern illuminated by 
ultraviolet radiation is made. 

[0005] Conventionally, the approach of enlarging numerical aperture (NA) of a cutback projection lens 

system, the approach of shortening wavelength of exposure light, etc. have been taken as an approach of 

heightening resolution. Moreover, recently, apart from these approaches, in order to carry out image 

formation of the detailed patterns (repeating detailed pattern) with especially periodicity, such as a phase 

shift method and oblique incidence lighting, effective technique is proposed. 

[0006] The image formation of a detailed pattern with periodicity is explained below. 

[0007] Drawing 32 is a graph which shows the repeat pattern which consists of three detailed slits, and the 

pattern location X is taken along the axis of abscissa of a graph, and it has taken the amplitude transmittance 

T along the axis of ordinate. Light penetrates the part of permeability 1 among drawing, and, as for the part 

of permeability 0, light is interrupted. 

[0008] Incident light will be divided into zero-order and other primary [ +] high order diffracted lights 
[ primary / -] if a repeat pattern with such an amplitude transmittance is illuminated with a coherent light. 
Among these, what is contributed to formation of an image is only the diffracted light which carries out 
incidence to the pupil of a projection optical system, and, generally zero-order and the primary [ +] 
diffracted light [ primary / -] carry out incidence to the pupil of a projection optical system. 
[0009] Drawing 33 is the explanatory view showing the amplitude on zero-order and the primary [ **] pupil 
of the diffracted light. 100,101,102 in drawing expresses the peak location of zero-order and the primary [ +] 
diffracted light [ primary / -], and I A expresses the amplitude, respectively. 

[0010] Drawing 34 shows the intensity distribution of the pattern image formed of zero-order and the 
primary [ **] diffracted light. The axis of ordinate shows reinforcement I. In the usual image formation, if 
the line breadth of a pattern will become very small and will carry out incidence only of the zero-order 
diffracted light to the pupil of a projection optical system, the image of a pattern will no longer be formed. 
[001 1] On the other hand, by the phase shift method, in case light penetrates the above-mentioned repeat 
pattern, by manipulating at a pattern so that the phase of the diffracted light from a ****** slit may shift 1 80 
degrees, it is made for a diffracted-light component zero-order in the pupil top of a projection optical system 
not to appear, and the image of a pattern is formed by the primary [ +] diffracted light [ primary / -]. 
[0012] When the repeat pattern which consists of three detailed slits is projected using a phase shift method, 
the amplitude distribution made on the pupil of a projection optical system is shown in drawing 35 . 103,104 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/26/2006 



JP,06-188169,A [DETAILED DESCRIPTION] 



Page 2 of 1 1 



in drawing expresses the peak location of the primary [ +] diffracted-light component [ primary / -], 
respectively. In this case, about the repeat period of a pattern, it is the same, then the distance between the 
peak locations 103,104 becomes half compared with the distance between the peak locations of the 
diffracted light which is the 1st [ **] order of drawing 33 . If a phase shift method is used, since spatial 
frequency of a pattern can be seemingly made small, the primary [ **] diffracted light from a more detailed 
pattern carries out incidence on a pupil. Therefore, resolution improves. 

[0013] Although the amplitude distribution on the pupil of drawing 33 is a thing at the time of carrying out 
incidence of the light from a vertical direction to the flat surface on which the pattern was drawn, an oblique 
incidence method shifts the location of amplitude distribution in a longitudinal direction on a pupil by 
making this flat surface carry out incidence of the light from across. 

[0014] Drawing 36 is the explanatory view showing the amplitude distribution on the pupil at the time of 
making it put slanting ON about light at a pattern repeatedly, as zero-order and the primary [ +] diffracted 
light enter on a pupil. 105,106 in drawing expresses the peak location of zero-order and the primary [ +] 
diffracted light, respectively. 

[0015] Considering forming an image by the two diffracted lights shown in drawing 36 , by the oblique 
incidence method as well as the case of a phase shift method, the diffracted light from a more detailed 
pattern can reach on a pupil, and resolution improves. 
[0016] 

[Problem(s) to be Solved by the Invention] When the pattern of periodicity was illuminated in the 
effectiveness of improvement in the resolution by the phase shift method mentioned above or oblique 
incidence illumination, it became clear from the result of the simulation which this invention person 
performed that the polarization condition of light is concerned greatly. Therefore, if the polarization 
condition of the illumination light is not changed into the optimal condition to a pattern, the trouble that 
improvement in big resolution is not obtained even if it uses a phase shift method, oblique incidence 
illumination, etc. will arise. 

[0017] The object of this invention is to offer the approach of carrying out device manufacture using the 
aligner and this approach using the suitable image formation approach and this suitable approach which 
were improved carrying out image formation of the detailed pattern. 

[001 8] In addition, in case this invention projects a pattern with periodicity on a predetermined side by the 
projection optical system, it aims at offer of the aligner using the suitable image projection approach and 
suitable it for manufacture of the semiconductor device which can be projected by high contrast by making 
the polarization condition of the flux of light of using for projection correspond in the periodic direction of a 
pattern, and setting it up appropriately, maintaining high resolution. Furthermore, it aims at offer of the 
manufacture approach of the semiconductor device of a high degree of integration. 
[0019] 

[Means for Solving the Problem] (1-1) The 1st gestalt of this invention is characterized by carrying out 
image formation of said pattern with the polarization beam which polarized to the longitudinal direction of 
said pattern in the image formation approach which carries out image formation of the line-like pattern. 
[0020] (1-2) The 2nd gestalt of this invention is characterized by carrying out image formation of the line- 
like pattern to processing Kataue, and carrying out image formation of said pattern with the polarization 
beam which polarized to the longitudinal direction of said pattern in the device manufacture approach which 
imprints said pattern to this processing Kataue. 

[0021] (1-3) The 3rd gestalt of this invention is characterized by having a means to illuminate said pattern 
by the polarization beam which polarized to the longitudinal direction of said pattern in the aligner which 
exposes a substrate by the line-like pattern, and a means to project said pattern illuminated by said lighting 
means on said substrate. 

[0022] (1-4) The 4th gestalt of this invention is characterized by having a lighting means to illuminate said 
pattern with an unpolarized light beam, and a projection means to project said pattern illuminated by said 
lighting means on said substrate by the polarization beam which polarized to the longitudinal direction of 
said pattern in the aligner which exposes a substrate by the line-like pattern. 

[0023] (1-5) The 5th gestalt of this invention is characterized by carrying out image formation of said 
pattern with the polarization beam which polarized in the direction where the period of a repeat becomes the 
smallest, and the direction which intersects perpendicularly substantially in the image formation approach 
which carries out image formation of the repeat pattern. 

[0024] (1-6) The 6th gestalt of this invention is characterized by carrying out image formation of the repeat 
pattern to processing Kataue, and carrying out image formation of said pattern with the polarization beam 
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which polarized in the device manufacture approach which imprints said repeat pattern to this processing 
Kataue in the direction where the period of a repeat becomes the smallest, and the direction which intersects 
perpendicularly substantially. 

[0025] (1-7) The 7th gestalt of this invention is characterized by to have a lighting means illuminate said 
pattern by the polarization beam which polarized in the direction where the period of a repeat becomes the 
smallest in the aligner which exposes a substrate by the repeat pattern, and the direction which intersects 
perpendicularly substantially, and a projection means project said pattern illuminated by said lighting means 
on said substrate. 

[0026] (1-8) The 8th gestalt of this invention is characterized by to have a means project said pattern 
illuminated by lighting means to illuminate said pattern with an unpolarized light beam, and said lighting 
means on said substrate by the polarization beam which polarized in the direction where the period of a 
repeat becomes the smallest, and the direction which intersects perpendicularly substantially in the aligner 
which exposes a substrate by the repeat pattern. 

[0027] (1-9) In this invention, when illuminating a pattern with a polarization beam, form a polarizing plate 
(film) on the substrate with which the pattern concerned was formed, establish the light sources, such as 
laser which emits a polarization beam, or prepare a polarizing plate (film) into the optical system for this 
lighting. 

[0028] Moreover, in this invention, when carrying out image formation of the pattern illuminated with the 
unpolarized light beam with a polarization beam, a polarizing plate (film) is formed on substrates, such as a 
mask with which the pattern concerned was formed, or a polarizing plate (film) is prepared into the optical 
system for this image formation. 

[0029] It constitutes from a desirable gestalt of this invention so that bearing of the polarizing plate (film) of 
the above-mentioned illumination-light study system or image formation optical system can be changed and 
the polarizing plate (film) concerned can be rotated around the optical axis of a system. The polarization 
beam which polarized towards desired by this configuration can be formed. 

[0030] 1/2 wavelength plate (film) is formed into the above-mentioned illumination-light study system or 
image formation optical system, and it constitutes from an another desirable gestalt of this invention so that 
bearing of the optical axis of the 1/2 wavelength plate (film) concerned can be changed and the 1/2 
wavelength plate (film) concerned can be rotated around the optical axis of a system. The polarization beam 
which polarized towards desired by this configuration can be formed. 

[0031] Moreover, in this invention, the pattern which is different from each other on a substrate is formed, 
and when the longitudinal directions of these patterns differ mutually or the directions (the minimum period 
direction) where the period of the repeat of these patterns is the smallest differ mutually, image formation of 
each pattern is carried out by the polarization beam corresponding to the direction which intersects 
perpendicularly in the longitudinal direction or/and the minimum period direction of each pattern. 
[0032] When performing such image formation simultaneously, where the polarizing plate (film) 
corresponding to them is prepared for every pattern, an unpolarized light beam is supplied, or where 1/2 
wavelength plate (film) for making other patterns other than one pattern produce the polarization 
corresponding to it or them is formed, the polarization beam corresponding to said one pattern is supplied. 
This polarizing plate (film) and 1/2 wavelength plate (film) are good to prepare at least in one side by the 
side of the optical incidence of a pattern, or irradiation appearance. 

[0033] When performing such image formation one by one, it constitutes like the desirable gestalt of the 
above [ an illumination-light study system or image formation optical system ], and the polarization beam 
corresponding to each pattern is generated. 

[0034] With the desirable gestalt of this invention, said pattern is illuminated by the lighting beam from an 
oblique position, or a phase shifter is supplied to said pattern, and image formation is substantially 
performed by two diffraction beams from said pattern. 

[0035] (1-10) The image projection approach of this invention illuminates a pattern with periodicity (1-10-1) 
by the flux of light of the linearly polarized light corresponding to the periodic direction of this pattern, and 
it is characterized by projecting this pattern on a predetermined side according to a projection optical 
system. 

[0036] (1-10-**) It illuminates by the flux of light of the linearly polarized light which has plane of 
polarization in the direction which intersects a pattern with periodicity perpendicularly with the array 
direction of this pattern, incidence of the diffracted light produced from this pattern is carried out to the 
pupil of a projection optical system, and it is characterized by projecting this pattern on a predetermined 
side. 
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[0037] (1-10-**) It illuminates by the flux of light which has plane of polarization in the direction which 
carries out the abbreviation rectangular cross of the pattern which has periodicity through the polarization 
equipment which can change the polarization direction of the linearly polarized light into arbitration, and 
can be made to inject the flux of light from an illumination system to the direction where the period serves 
as the shortest, the incidence of the diffracted light which produces from this pattern carries out to the pupil 
of a projection optical system, and it is characterized by to project this pattern on a predetermined side. 
[0038] (1-10-**) In case a pattern with periodicity is illuminated and this pattern is projected on a 
predetermined side according to a projection optical system, it is characterized by having projected using the 
flux of light of the linearly polarized light corresponding to the periodic direction of this pattern. 
[0039] (1-10-**) In case a pattern with periodicity is illuminated, incidence of the diffracted light produced 
from this pattern is carried out to the pupil of a projection optical system and this pattern is projected on a 
predetermined side, it is characterized by having projected in the array direction of this pattern, and the 
direction which intersects perpendicularly using the flux of light of the linearly polarized light which has 
plane of polarization. 

[0040] (1-10-**) In case the pattern which has periodicity by the flux of light from an illumination system is 
illuminated, incidence of the diffracted light produced from this pattern is carried out to the pupil of a 
projection optical system and this pattern is projected on a predetermined side, it is characterized by to 
choose the flux of light which has plane of polarization in the direction which carries out an abbreviation 
rectangular cross to the direction where the period of this pattern serves as the shortest with polarization 
equipment, and to project this pattern. 

[0041] (1-11) Moreover, illuminate the pattern which has the periodicity on a reticle side by the flux of light 
from an illumination system (1-1 1 -I) as an aligner of this invention. In case incidence of the diffracted light 
produced from this pattern is carried out to the pupil of a projection optical system and the image of this 
pattern is projected on a wafer side, it is characterized by illuminating by the flux of light of the linearly 
polarized light which has plane of polarization in the direction which carries out the abbreviation rectangular 
cross of this pattern to the direction where the period of this pattern serves as the shortest. 
[0042] (1-11-**) In case the pattern which has the periodicity on a reticle side by the flux of light from an 
illumination system is illuminated, incidence of the diffracted light produced from this pattern is carried out 
to the pupil of a projection optical system and the image of this pattern projects on a wafer side, it is 
characterized by to have chosen and projected the flux of light of the linearly polarized light which has plane 
of polarization in the direction which carries out an abbreviation rectangular cross to the direction where the 
period of this pattern serves as the shortest with polarization equipment. 
[0043] 

[Example] Before explaining each example of this invention first, the so-called scalar diffraction theory 
used for the simulation of a general image formation property and the theory with a precision higher than the 
above-mentioned scalar diffraction theory which this invention person used for the simulation are explained. 

[0044] In a scalar diffraction theory, if an objective pattern is illuminated, the Fourier transform image of 
that pattern will be formed on the entrance pupil of a projection optical system, the Fourier transform of this 
Fourier transform image will be again carried out within the limits of the numerical aperture (NA) of a 
projection optical system, and the pattern image of the amplitude distribution on the image surface will be 
formed. When this is expressed by the formula, the amplitude A (x y) in the point on the image surface (x y) 
is [0045]. 
[Equation 1] 

The inside F of a formula (U (xl and yl)) is the Fourier transform of the amplitude transmittance U of a 
pattern (xl and yl), and is carrying out the Fourier transform of this Fourier transform again within the 
limits of the pupil surface decided by numerical aperture of a projection optical system. However, as for the 
inside of a formula (alpha, beta), it is a coordinate on a pupil surface and F (U (xl and yl)) has become the 
function of (alpha, beta). 

[0046] although it is a formula when this formula has the coherent illumination light - the illumination light 
~ a part — although some treatment becomes complicated also when coherent, it is fundamentally the same. 
[0047] Although the right result was obtained by the simulation using the formula described above when the 
numerical aperture of a projection optical system was small, it became clear that the problem of flume shoes 
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that the numerical aperture becomes large arises by examination which this invention person performed. 
[0048] The first trouble of a top type is that the polarization condition of incident light is not taken into 
consideration. This is explained using drawing. The example of the repeat pattern which consists of the three 
above-mentioned slits is used for explanation. 

[0049] Drawing 26 is drawing the amplitude distribution on the pupil shown by drawing 33 on the reference 
spherical surface 1 1 1 on the basis of the Gauss image point 1 10 of a projection optical system. The 
amplitude in the point that the amplitude in the point 1 10 on the image surface 112 was decided by the 
integral of the amplitude on the reference spherical surface 1 1 1 when the wave aberration of a projection 
optical system was disregarded, and only distance x shifted from the point 1 10 on the image surface 1 12 is 
calculated by considering a certain phase contrast decided from the coordinate on distance x and the 
reference spherical surface 111, and integrating with the amplitude on the reference spherical surface 111. 
[0050] In order that the point may simplify the talk from here, an argument will be restricted to count of the 
amplitude in a point 110. Moreover, the axis of coordinates is defined here. 

[0051] As shown in drawing 26 , make an optical axis into the z-axis, and let a x axis and the shaft of a 
direction vertical to space be the y-axes for a shaft vertical to the z-axis within space. By the view by the 
scalar diffraction theory expressed above, the amplitude in a point 1 1 0 is calculated in the form which 
carried out the guide peg of the amplitude on the reference spherical surface 111 as it was. 
[0052] Even if there is a thing called polarization, it compares to light and it is completely coherent light, if 
the polarization directions differ, it will not interfere thoroughly, and if it lies at right angles, for example, 
interference will not take place at all. 

[0053] If a slit is illuminated with light from a direction parallel to the z-axis, on the reference spherical 
surface 1 1 1, the amplitude distribution of drawing 26 will be formed, noting that the longitudinal direction 
of the slit which constitutes a repeat pattern is parallel to the y-axis and a repeat pattern has a period in the 
direction of a x axis. The illumination light is the linearly polarized light light which polarized to y shaft 
orientations (direction parallel to a slit), and if change of the polarization direction can be disregarded within 
a projection optical system, the polarization direction in each point of the above-mentioned amplitude 
distribution as well as the illumination light turns into y shaft orientations in all locations. 
[0054] Supposing the amplitude distribution on the reference spherical surface 1 1 1 is formed only with the 
light which polarized to y shaft orientations among the light diffracted to the slit, all the polarization 
directions of the light which reaches on the image surface 112 will also become the same. Also in this case, 
the amplitude in a point 110 can be found by integrating with the amplitude on the reference spherical 
surface 111 as it is. 

[0055] When the illumination light is the linearly polarized light light which polarized in the direction of a x 
axis (direction which intersects perpendicularly with a slit), as it is shown in drawing 27 on the other hand, 
when the typical beams of light 120-124 turned to the point 1 10 from the reference spherical surface 111 are 
considered, the polarization direction of the conditions that the polarization direction and the travelling 
direction of light intersect perpendicularly to the beams of light 120-124 becomes like the arrow head in 
[ 125-129 ] drawing, respectively. The polarization in this case has a x or z car polarization component, and 
it is necessary to consider the amplitude in a point 1 10 for every polarization component. The luminous 
intensity in a point 110 serves as the sum total of the reinforcement obtained from the amplitude by each 
polarization component. 

[0056] Next, the result of having performed the simulation with the application of this view is explained. In 
the image formation using zero-order [ which was first explained by drawing 33 ], and the primary [ +] 
diffracted-light component [ primary / -], the final intensity distribution acquired by of the which direction 
of the direction of a x axis and y shaft orientations a polarization component is used among the light 
diffracted from a slit as opposed to the two polarization directions of the illumination light become like 
drawing 28 and drawing 29 , respectively. 

[0057] Drawing 28 is a case with the polarization direction of the illumination light parallel to a slit, and an 
image is formed only of the polarization component of y shaft orientations. On the other hand, drawing 29 is 
a case with the polarization direction of the illumination light vertical to a slit, and an image is formed as the 
sum total of x polarization components and z polarization component. 

[0058] What evaluated the image formation using two of the three diffracted lights, zero-order and the 
primary [ +] order [ 1 st / -], by the same simulation like a phase shift method or oblique incidence 
illumination is shown below. 

[0059] If only the result of the intensity distribution on the image surface is shown, it will become the 
intensity distribution as which the polarization direction indicates it in the intensity distribution as which the 
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polarization direction of the illumination light indicates it in drawing 30 in the case of y shaft orientations (it 
is parallel to a slit) at drawing 3 1 in the case of the direction of a x axis (vertical to a slit). 
[0060] Here, when the polarization direction is vertical to a slit, it is the effect of the polarization component 
of the direction of z, and compared with the case where the polarization direction is parallel to a slit, the 
contrast of an image is quite bad. Although intensity distribution become drawing 30 and the thing which 
averaged the intensity distribution of drawing 3 1 since the illumination light is in the condition of not 
polarizing, in the usual exposure, compared with the intensity distribution of drawing 3 1 , contrast 
deteriorates even in such a case. 

[0061] Thus, it became clear from the result of a simulation with a high precision which this invention 
person performed that the polarization direction of the illumination light has big effect in an image 
formation property. 

[0062] In order to raise resolution especially, when a phase shift method or oblique incidence illumination is 
applied, the resolution beyond expectation is obtained by controlling the polarization direction of the 
illumination light appropriately to a pattern with the periodicity to project. 

[0063] The above is as a result of the simulation about the image formation property which this invention 
performed. 

[0064] Next, each example of this invention is explained. 

[0065] Drawing 1 is the important section schematic diagram of the example 1 when applying the image 
projection approach of this invention to the stepper for device manufacture of a semiconductor device, CCD, 
a liquid crystal panel, the magnetic head, etc. (step & repeat-die projection aligner). 

[0066] One is the light source of an ultrahigh pressure mercury lamp etc. among drawing. The light which 
came out of the light source 1 illuminates pattern (circuit pattern) 4a on the 4th page of reticle with the 
lighting lens 3 through the aperture 8 and the polarization equipment 9 by which quantity of light 
distribution was equalized with the optical integrator 2. Incidence of the light diffracted by pattern 4a of 
reticle 4 is carried out to the projection lens 5, and it forms the image of pattern 4a on semi-conductor 
UEHA 6 which appeared on the stage 7 through the projection lens 5. 

[0067] In case only the part of the light chosen and chosen which was suitable for lighting with the aperture 
8 of the place which is the aperture diaphragm which all those flux of lights did not reach the lighting lens 3, 
but the light injected from the optical integrator 2 here approached the optical integrator 2, and was placed 
penetrates polarization equipment 9, the polarization condition is changed into the linearly polarized light 
from the condition of a circle, elliptically polarized light, or unpolarized light. Polarization equipment 9 can 
change the polarization direction of the linearly polarized light according to the conditions of the direction 
of the repeat of pattern 4a etc. 

[0068] Circuit pattern 4a with the small line breadth for performing the imprint of a up to [ **** UEHA 6 ] 
is drawn on reticle 4, and the illumination light which carries out incidence to reticle 4 through the lighting 
lens 3 penetrates reticle 4 according to the above-mentioned circuit pattern 4a. Sensitive material, such as a 
resist, is applied on semi-conductor UEHA 6, and it is possible to imprint the image of circuit pattern 4a 
there. 

[0069] On semi-conductor UEHA 6, the projection lens 5 contracted to the predetermined scale factor 
(generally 1/5 or 1/10), and has projected the image of circuit pattern 4a on reticle 4. Reticle 4 and semi- 
conductor UEHA 6 are adjusted to position relation by driving a stage 7 in that case. Termination of the 
exposure to a certain shot on semi-conductor UEHA 6 repeats that specified quantity migration is 
horizontally carried out by the stage 7, and the semi-conductor wafer 6 exposes the other shots on semi- 
conductor UEHA 6 there. 

[0070] In this example, the repeat pattern which put in order the slit prolonged in the direction of y shown in 
drawing 2 as circuit pattern 4a on reticle 4 in the 5 x directions and which has periodicity in the x directions 
is used. By opening, the perimeter of these openings 1 0-4 consists of the protection-from-light section, and, 
as for light, the inside 10-14 of drawing penetrates only this part. Moreover, an alternate long and short dash 
line 15 is the datum line drawn in the direction of a repeat of the slit-like openings 10-14 (x directions), and 
is used by next explanation. 

[0071] Here, the contrast of an image is raised when a chief ray illuminates reticle 4 by the flux of light 
which inclined from the perpendicular direction to reticle 4. 

[0072] Drawin g 3 is the sectional view which met the alternate long and short dash line 1 5 of pattern 4a of 
drawing 2 . It is made for the chief ray of the flux of light to become slanting in ZX flat surface which 
pattern 4a has repeated as a direction to which the flux of lights 20 and 21 are leaned by oblique incidence 
illumination as shown in drawing 3 . As shown in drawing 4 , opening of an aperture 8 consists of this 
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examples, in order to fulfill this condition. In addition, the x axis is turned to in the direction in which the 
period of the repeat of pattern 4a becomes the smallest. 

[0073] In drawing 4 , a shadow area 22 is a protection-from-light field currently shaded so that light may not 
pass. Two circular openings 23 and 24 are light transmission fields, and the light from these fields 23 and 24 
contributes them to the image formation of pattern 4a. 25 are the datum line drawn so that it might pass 
along the core of the circular openings 23 and 24 among drawing. 

[0074] Next, incidence of the illumination light chosen by the aperture 8 of drawing 1 is carried out to 
polarization equipment 9. As polarization equipment 9 is shown in drawing 5 , only the polarization light of 
the direction of y shown by the drawing Nakaya mark 26 among the polarization components of the light 
which carries out incidence from the top face of polarization equipment 9 is made to penetrate, and the 
polarization light of other directions has structure which is interrupted. The alternate long and short dash 
line 27 in drawing is the datum line drawn in the direction which intersects perpendicularly with the above- 
mentioned arrow head 26. Arrangement in the level surface of the reticle 4 of drawing 1 , an aperture 8, and 
polarization equipment 9 is set up so that the datum lines 1 5, 25, and 27 shown in drawing 2 , 4, and 5, 
respectively may become in parallel with each other. 

[0075] By burning the polarization direction of the oblique incidence illumination light with the image 
formation of pattern 4a by the above configurations, as it intersects perpendicularly in the x directions in 
which the period of the repeat of pattern 4a serves as min as it becomes in the direction parallel to the 
direction of a slit of pattern 4a of y, as drawing 30 explained, it is high resolution and the high image of 
contrast has been obtained on semi-conductor UEHA 6. The case of the repeat pattern on a dot also has the 
same effectiveness as a pattern on reticle 4. 

[0076] Next, in this example, the case where each has length and two patterns which have periodicity in the 
horizontal 2-way of (y, x) as shown not only in the single pattern with which periodicity has pattern 4a on 
reticle 4 in the one direction like drawing 2 but in drawing 6 is explained. 

[0077] In this case, the repeat pattern of the part surrounded with the broken line 30 of drawing 6 can 
perform a projection imprint good by using an above-mentioned approach. However, since the polarization 
direction of the illumination light becomes in the direction which intersects perpendicularly with a slit about 
the repeat pattern of the part surrounded with the broken line 3 1, the same effectiveness is not acquired. 
[0078] So, in this example, the reticle of drawing 6 is divided into the reticle of two sheets shown in drawing 
7 and drawing 8 , and is exposed independently. It burns with the linearly polarized light light which 
polarized in the direction of y as mentioned above about the pattern of drawing 7 . Namely, about the pattern 
of drawing 8 So that the illumination light may carry out oblique incidence to reticle in the flat surface 
which a pattern repeats and the polarization direction of the illumination light may turn into a direction 
parallel to the longitudinal direction of a slit That is, after fixing since an aperture 8 and polarization 
equipment 9 are rotated 90 degrees centering on an optical axis in the level surface with a non-illustrated 
driving gear so that it may become the linearly polarized light light which polarized in the x directions, it is 
burning. This approach can be similarly applied, when the pattern of a slit becomes not only in the 2-way of 
length and width but in other directions. 

[0079] Moreover, as shown in drawin g 6 , when there are two kinds of repeat patterns in one reticle, it is 
made to carry out sequential lighting of each pattern using the masking blade prepared in reticle and a 
location [ **** ], and each pattern is illuminated with polarization light by the above-mentioned approach. 
[0080] Although this example explained noting that the pattern on reticle was formed in the five line & tooth 
space, it is applicable similarly about line & tooth-space patterns other than five. Moreover, the ratio of the 
width of face of a line & tooth space is not restricted to 1 to 1, and even when the period of a pattern 
becomes to some extent irregular further, this invention can be applied similarly. 

[0081] Moreover, in this example, polarization equipment 9 may be arranged between the lighting lens 3 
and reticles 4, between reticle 4 and the projection lenses 5, or inside the projection lens 5 (on a pupil 
surface). 

[0082] When polarization equipment 9 has been arranged between reticle 4 and the projection lens 5, the 
polarization light which polarized in the specific direction among the diffracted lights diffracted by pattern 
4a according to the pattern configuration on reticle 4 by polarization equipment 9 is chosen, and only this 
selected polarization flux of light comes to carry out incidence to the projection lens 5. And the image of 
pattern 4a is projected on UEHA 6 by this polarization flux of light. 

[0083] Next, the example 2 of this invention is explained, the equipment configuration of an example 2 - 
the example 1 of drawing 1 , and abbreviation — it is the same. The point that an example 2 differs from an 
example 1 is having applied the phase shift method to the pattern on reticle 4. 
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[0084] Drawing 9 is the explanatory view of pattern 4a on the reticle 4 of this example. Although the point 
which consists of the openings 40-44 of the shape of a slit to which pattern 4a extends in the five directions 
of y is the same as the example 1 of drawing 1 as shown in this drawing, the pattern of drawing 9 has the 
description in the point that the phase shifter to which the phase of the light penetrated to shadow areas 40, 
42, and 44 is changed 180 degrees to the light which penetrates parts 41 and 43 is prepared. 
[0085] Moreover, in this example, what can penetrate only the light from opening of the circular part 46 of 
the core surrounded in the protection-from-light section of a shadow area 45 as shown in drawing 10 as a 
configuration of an aperture 8 is used. 

[0086] He combines the same polarization equipment 9 as an example 1 using pattern 4a and an aperture 8, 
and is trying for the polarization direction of the illumination light to turn into a direction (the direction of y) 
parallel to the longitudinal direction of a slit to pattern 4a in drawing 9 in this example. The good pattern is 
burned using the phase shift method by this. 

[0087] Moreover, even when it is two or more sorts which the repeat has produced in the direction in which 
pattern 4a on reticle 4 is different from each other like drawing 6 instead of one kind like drawing 9 , it can 
be coped with by using two or more reticles or burning by dividing using a masking blade for every pattern 
of the same direction, like an example 1 . 

[0088] Next, the example 3 of this invention is explained, the equipment configuration of an example 3 — 
the example 1 of drawing 1 , and abbreviation — it is the same. 

[0089] In this example, what is shown in drawing 1 1 is used as pattern 4a on reticle 4. Among drawing 1 1 , 
four are reticle and determine that system of coordinates become vertical to reticle 4 about reticle 4, parallel, 
and the z-axis in xy side as well as said each example. 210-214 are slit-like openings of Pattern A among 
drawing 1 1 , and openings 210-214 constitute the pattern repeatedly in the x directions shown by the arrow 
head 215. 

[0090] 220-224 are slit-like openings of Pattern B similarly, and openings 220-224 constitute the pattern 
repeatedly in the direction of y shown by the arrow head 225. The phase shifting method is applied to the 
extent that Pattern A and Pattern B are alike, respectively. The detail of the patterns A and B which applied 
the phase shift method is explained using drawing 12 . 

[0091] Drawing 12 draws the cross section which met the arrow head 215 about the pattern A shown in 
drawing 1 1 . 230 are a transparent glass substrate among drawing 12 , and the slash section 231 is the 
protection-from-light section which consists of chromium. The periodic pattern A is formed of the 
protection-from-light section 231 and openings 210-214. A phase shift method raises the resolution of an 
image formation system by changing the phase of the light which penetrates opening by a unit of 1 80 
degrees between adjacent openings, and shows the phase shifter to which the phase of the light in which 32- 
34 in drawing 12 penetrate that is changed 180 degrees. 

[0092] The sectional view which met the arrow head 225 also about the periodic pattern B becomes being 
the same as that of drawing 12 . Since what is necessary is just to perform lighting from a direction (the 
direction of z) vertical to reticle 4, as shown in drawing 13 as an aperture 8, the surrounding slash section 
240 uses the protection-from-light section and the thing from which 241 of a core is opening for the image 
formation of the pattern which applied the phase shift method. 

[0093] In this example, what is shown in drawing 14 as polarization equipment 9 is applied. Polarization 
equipment 9 is constituted so that only the polarization light of the direction of y shown by both the arrow 
heads 50 among drawing 14 may be made to penetrate there among the light which carries out incidence. 
That is, a stepper's illumination light in this example turns into linearly polarized light light which has plane 
of polarization in y shaft orientations, after penetrating polarization equipment 9. 
[0094] When pattern 4a on reticle 4 is illuminated with the above configuration, the relation of the 
polarization direction of Patterns A and B and the illumination light comes to be shown in drawing 15 and 
drawing 16 . That is, to Pattern A, as shown in drawing 15 , the polarization direction 60 becomes the 
longitudinal direction of a slit and parallel which constitute a pattern, and this fulfills the conditions whose 
resolution improves as above-mentioned. 

[0095] As shown in drawing 16 to Pattern B on the other hand, the polarization direction 61 is vertical to the 
longitudinal direction of the slit which constitutes a pattern, and, the way things stand, an improvement of 
the resolution like Pattern A cannot do it to Pattern B. 

[0096] Then, Pattern B is made to rotate the plane of polarization of the linearly polarized light flux of light 
which carries out incidence 90 degrees, and it enables it to illuminate Pattern B in this example according to 
the linearly polarized light flux of light of a direction parallel to the slit of Pattern B. 

[0097] Although drawing 17 is the top view of reticle 4 having shown Pattern A and Pattern B like drawing 
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ii , the point which is polarizing the polarization inverter 70 made to rotate the plane of polarization of the 
linearly polarized light flux of light which carries out incidence of the reticle 4 of drawing 17 just before 
Pattern B 90 degrees is the description. As a polarization inverter 70, 1/2 wavelength plate is applicable, for 
example. The situation of the plane-of-polarization revolution at the time of applying 1/2 wavelength plate is 
explained using drawing 24 . 

[0098] The flux of light if the direction of the optical axis 82 of a polarization inverter (here 1/2 wavelength 
plate) is arranged to the linearly polarized light flux of light which progressed in the direction of an arrow 
head 80, and polarized in the direction of both the arrow heads 81 (the direction of y) so that a x axis and the 
include angle of 45 degrees may be made, after penetrating the polarization inverter 70 progresses in the 
direction of an arrow head 83 among drawing 18 , and it is changed into the linearly polarized light flux of 
light which polarized in the direction of a x axis as both the arrow heads 84 showed. 
[0099] By arranging the polarization inverter 70 just before Pattern B comes to show the relation of the 
polarization direction of Pattern B and an illumination-light bundle to drawing 19 . That is, since the 
direction of the polarization which both the arrow heads 90 show becomes relation parallel to the slit which 
constitutes Pattern B, improvement in the same resolution as Pattern A can be realized also to Pattern B. 
[0100] If the optical matter which had optical activity as a polarization inverter 70 is applied, since it 
becomes possible to control by thickness of the polarization inverter 70 and the rotatory polarization include 
angle of the linearly polarized light flux of light can set the magnitude of the rotatory polarization of the 
linearly polarized light flux of light as a value like [ other than 90 degrees ] by control of thickness in that 
case, improvement in resolution of it will be attained to the repeat pattern of various directions. 
[0101] Although this example explained noting that the phase shift method was applied to the pattern which 
illuminates, it cannot be overemphasized that it can apply even when oblique incidence illumination is used. 
[0102] There is a modification which forms polarization equipment 9 on the front face of reticle 1 or a rear 
face in each above example. 

[0103] Drawing 20 is the important section schematic diagram of the example 4 when applying the image 
projection approach of this invention to the stepper for manufacture of a semiconductor device. The same 
code number is given to the same element as the element shown by drawing 1 among drawing. 
[0104] In drawing 20 , since it is the same as that of the thing of drawing 1 , the light source 1 , the optical 
integrator 2, the lighting lens 3, reticle 4, the projection lens 5, the semi-conductor wafer 6, and stage 7 
grade are omitted here, respectively. 

[0105] The point that an example 4 differs from examples 1-3 is a location in the optical path in which 
polarization equipment is installed. In this example, polarization equipment 59 is arranged just before reticle 
54 (between the lighting lens 3 and reticles 54), and it has composition which controls the polarization 
condition of the light which carries out incidence to reticle 54 just before reticle 54. 

[0106] Here, pattern 54a on the reticle 54 of this example consists of a repeat pattern which consists of the 
slits 60-64 prolonged in a lengthwise direction (the direction of y) as shown in drawing 21 , and a repeat 
pattern which consists of the slits 65-69 prolonged in a longitudinal direction (x directions). Thus, what is 
necessary is just to carry out opening of an aperture 8 like drawing 22 , in order to raise resolution with 
oblique incidence lighting to the pattern of the direction in every direction. 

[0107] The circular openings 71-74 prepared in four corners are the light transmission section in the 
protection-from-light section, and the slash section 70 in drawing 22 makes the light from these openings 
71-74 put to reticle 4 slanting ON. 

[0108] In this example, polarization equipment 59 is arranged so that the polarization direction of the light 
which carries out incidence to pattern 54a may always be parallel to the longitudinal direction of a slit to 
such oblique incidence illumination. 

[0109] 59a and 59b in drawing 21 are a polarization member which makes only the linearly polarized light 
light which polarized in one certain direction among the light which carried out incidence penetrate, and 
polarization member 59a is installed so that only the polarization light which polarized among the light 
which carried out incidence in the direction (the direction of y) parallel to the longitudinal direction of slits 
60-64 may be penetrated. 

[01 10] On the other hand, polarization member 59b is arranged so that only the polarization light which 
polarized in the direction (x directions) parallel to the longitudinal direction of slits 65-69 may be made to 
penetrate. What determined the polarization shaft orientations according to the corresponding pattern, and 
stuck the thin film-like polarizing plate on reticle 54 as polarization equipment 59 is applicable. 
[01 1 1] Although this example explained the thing with the slit prolonged in a 2-way in every direction as 
pattern 54a on reticle 54, it is applicable similarly to a pattern with the slit prolonged in the other direction. 
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[0112] In addition, in this example, polarization equipment 9 may be arranged immediately after reticle 54 
(between reticle 54 and the projection lenses 55). 

[01 13] At this time, even if polarization equipment 9 has the slit prolonged in the various directions on 
reticle 54, it enables it to choose the polarization light which polarized to the longitudinal direction of a slit 
independently for every slit of each direction among the light diffracted from the slit, and it is made to carry 
out image formation with this polarization light. 

[0114] Next, the example 5 of this example is explained, the equipment configuration of an example 5 — the 
example 1 of drawing 1 , and abbreviation ~ it is the same. An example's 5 differing from an example 4 is 
having applied the phase shift method to the pattern on reticle 4. 

[0115] Drawing 23 is the explanatory view of pattern 54a on the 54th page of the reticle of this example. At 
the point which consists of slits 80-84 prolonged in a lengthwise direction (the direction of y), and slits 85- 
89 prolonged in a longitudinal direction (x directions), although the pattern on the reticle 54 shown in this 
drawing is the same as the pattern of drawing 21 In this example, it differs in that the phase shift member to 
which the phase of the light penetrated into the parts 80, 82, 84, 85, 87, and 89 to which the slash is given is 
changed 180 degrees to the light which penetrates parts 81, 83, 86, and 88 to the slit in drawing is prepared. 
[0116] When the light or unpolarized light light which is a polarization member and polarized to the circle 
or the ellipse at reticle 54 carries out incidence of 59a and the 59b, they carry out incidence only of the 
polarization light which polarized to the longitudinal direction of a slit among the light to a slit. Moreover, 
what was shown in drawing 13 like the case of an example 2 as an aperture 8 is used. 
[0117] At this example, by the above configurations, even when improvement in resolution is aimed at by 
the phase shift method and the pattern of the direction in every direction is on reticle 54, image formation is 
carried out on the semi-conductor wafer 6 with the polarization light suitable for each pattern. 
[0118] Although explained here with the slit prolonged in a 2-way in every direction as a pattern on reticle 
54, it is applicable similarly to a pattern with the slit prolonged in the other direction. 

[0119] Although shown here taking the case of the case where the pattern on reticle is formed in the five line 
& tooth space, it is applicable similarly about line & tooth-space patterns other than five. Moreover, the ratio 
of the width of face of a line & tooth space is not restricted to 1 to 1 , and even when the periodicity of a 
pattern becomes to some extent irregular further, it can be applied similarly. 

[0120] Moreover, it is good also considering the laser which emits linearly polarized light light not using a 
lamp and polarization equipment as the light source for exposure. Moreover, when using the time of using 
polarization equipment, and laser, 1/2 wavelength plate is put into an optical path, this is rotated, and you 
may make it make a desired polarization light. 

[0121] Next, the example of the device manufacture approach of having used the aligner which gave 

[ above-mentioned ] explanation is explained. Drawing 24 shows the flow of manufacture of semiconductor 

devices (semiconductor chips, such as IC and LSI, or a liquid crystal panel, CCD, etc.). 

[0122] The circuit design of a semiconductor device is performed at step 1 (circuit design). The mask in 

which the designed circuit pattern was formed is manufactured at step 2 (mask fabrication). 

[0123] On the other hand, at step 3 (wafer manufacture), a wafer is manufactured using ingredients, such as 

silicon. Step 4 (wafer process) is called a before process, and forms the circuit of an example on a wafer 

with a lithography technique using the mask and wafer which carried out [ above-mentioned ] preparation. 

[0124] The following step 5 (assembly) is called an after process, is a process semiconductor-chip-ized 

using the wafer created by step 4, and includes processes, such as an assembly process (dicing, bonding) and 

a packaging process (chip enclosure). At step 6 (inspection), the check test of the semiconductor device 

produced at step 5 of operation, an endurance test, etc. are inspected. A semiconductor device is completed 

through such a process and this is shipped (step 7). 

[0125] Drawing 25 shows the detailed flow of the above-mentioned wafer process. 

[0126] The front face of a wafer is oxidized at step 1 1 (oxidation). An insulator layer is formed in a wafer 
front face at step 12 (CVD). At step 13 (electrode formation), an electrode is formed by vacuum 
evaporationo on a wafer. Ion is driven into a wafer at step 14 (ion implantation). A sensitization agent is 
applied to a wafer at step 15 (resist processing). At step 16 (exposure), with the aligner which gave [ above- 
mentioned ] explanation, the circuit pattern of a mask is baked on a wafer and exposed. The exposed wafer 
is developed at step 17 (development). At step 18 (etching), parts other than the developed resist image are 
shaved off. The resist which etching could be managed with step 19 (resist exfoliation), and became 
unnecessary is removed. By carrying out by repeating these steps, a circuit pattern is formed on a wafer 
multiplex. 

[0127] If the manufacture approach of this example is used, the semiconductor device of the high degree of 
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integration for which manufacture was difficult can be manufactured conventionally. 
[0128] 

[Effect of the Invention] According to this invention, by setting up each element as mentioned above, the 
approach of manufacturing a device using the aligner and this approach using the suitable image formation 
approach and this suitable approach which were improved carrying out image formation of the detailed 
pattern can be attained. 

[0129] In addition, in case the pattern which has periodicity as mentioned above is projected on a 
predetermined side by the projection optical system according to this invention, the suitable image 
projection approach and suitable aligner for manufacture, and also the manufacture approach of the 
semiconductor device which can be projected by high contrast can be attained by making the polarization 
condition of the flux of light of using for projection correspond in the periodic direction of a pattern, and 
setting it up appropriately, maintaining high resolution. 



[Translation done.] 
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4 a^»t)iSLTV^ZX¥ffirtTJt*OiJiejR*^«) 

147V*— — 8 OBBP*0 4 tc^cfc 9 ffif£ LT^ 
[0 0 7 3] 0 4^*l/^T»HaSB^2 2(i^iiS«:l/^ 

2 3, 2 4teytmmmwe&*). l«2 3, 24^ 

P»(OBV^->4a»^t§o 0*. 2 5fc* 
P3JBBBP2 3, 2 4cO*^«:®S<t*5(cg|v^cS^T* 

[0 0 7 4] 0 1 ©T^^— ^-y— 8-fiBR*hfciHBB31fi 
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4, 5*tC^n^4a^LrcS^l 5, 2 5, 2 7^ 

[0075] &L±<D&5%:Mmc&t), mxmmmcD . 

^x/n 6_htct#Tl/^ 0 l/^;U4±(D^£ — 

[0 0 7 6] ^C^II^J^fe^T. ls=3 L trfr4±<D/* 
^->4aft H20J:MC 1 ^^p3^^^ffl140^^-*— 
(y, x) (Dz^m^mm^^ 200;^- 

[0 0 7 7] C<D*&. 0 6CD6S^3 OrH^tlfcgP^ 
3 1 TH^nfcgP^Oj^Dilb^^ — Mco^TteHSW 

[0 0 7 8] ^CT^^MT^, me><Dls=f-5)\ol£m 
y * fRJtCfiift L/clS^7 , e7tTM#^^tTU\ 0 8 <*V< 

£ k> 7^-^-8 tmytmw 9 *7jc¥ffirt-wfc«** 

[0 0 7 9] 0 6 iZT^-fk o 2 
[0 0 8 0] *ll^j7?tiU^^;l/_hO^^— >«5* 
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[0 0 8 1] X. **«WK:ft^T«3feS«9*HaraU 
>X3 tU^^)V4 i:<DTOiUf^;l/4 ^jgfgl^X 

[0 0 8 2] fflft««9*U^*;l/4 fcJ3»U>X5 4: 
OHtElLfti:***, ffiftg«9fc:<fcoTW-*/b4 

^:n^ 6±tcta»-TSo 

[0 0 8 3] ^JC*5IBB<D||flfiM2JCOV>TSi^-rSo 

ii*fi«2(os«««ttHioiiaii«i fciera^T?*So 

[0 0 8 4] H 9 4 ±to;^-> 

4 a08ttraia"T?»So mmiC^^^lC/^ — > 4 atf 
5^<Dy^mcmXf^>XV v HROBBP4 0 — 4 4^5 

/^-y^MS^Mo, 4 2, 4 4 %>%<Di\L 
*H*gP#4 1 , 4 3*»MNBJWc:»LT 1 8 0Jg^{t 

[0 0 8 5] X. *HlMTii7^^f t - 8 

nfc«t>i&orajE»»4 6©wn*^o3tt<D^aiaT# 

[0 0 8 6] *^Stifia^«, >4 a fc7^^f+ 

[0 0 8 7] X> W;H±0^->4atfB9(3!) 

[0 0 8 8] :W:*»»Ii«3tO^TPW§c 

[0 0 8 9] *mt&m'Vl*\sn7)]/4±<Ds*# — >4 a 
£LT, mi 1 lc5Vrfc<D*JBV»S 0 HI 1*. 4&U 

l^*;I/4 £Wr. ztt#U^;I/4lcSiSlc£:&£-5 
tC^46T*5< 0 13 1 1 4>> 2 10-2 14^->A 
(7)XU7M^iPgra^ BBPSP2 10-2 14K 
012 1 5T^t x^tC^DilL/^'-V^flifigbTl/^ 
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[0 0 9 0] mmiC2 2 0 — 2 2 4 &/^ — >BCQXV 
V httP^PgPT'&tK BHPSI52 2 0-2 2 4te^932 2 

ttm i 2ttm^Tmw-?z>o 
[oo9i] 01 2&mi i ^si/c/^->a^o^ 

T^£P2 1 5tc»ofc»fS^:ffil'^c^OT$>^o 131 2 
^ 2 3 0t±MW&#^XS1gT&tU fm^2 3 1 « 10 
^aA£Dj££Sftg($T£>& 0 iS7tSP2 3 1 £P*3PgP2 
1 0-2 1 4 t J: A^M^ntV^o 

^OMtJg^ft±£^£t>cDT*£D, 13 1 2^<D3 2- 
3 4tfZ^*m)&-$'Z>%<Dm&* 1 8 0S^ft2-e3{£ 

[0 0 9 2] mW^-^BlcmLT^W2 2 5fcljft 

o/cKffi0t±iai 2tmmc%:z>o &^yyha^mm 

T&0 1 3 ic^t <£ -5 ^> JSi20£4S§lgfl 2 4 0 tfig^c 
[0 0 9 3] *^^JT^{1^^9^LTS1 4 KiS 
o^mi 4 4\ M^EP5 OT^LfcyTaftOlS^ftO^ 

& # §xf7^ ©HwuBt » . myt&w 9 * a® u 

« y «rtF IrI dftS**^ S HfiMIft ft t & z> o 
[0 0 9 4] &L±<Dm&T*U?-?)V4±<D^#—>'4 a 30 

>At£*fLTU:. 01 5lC^t"<fc5£<ift7jlRj6 Ok*'* 

[0 0 9 5] — Jj'*2—>BlCttLTl*mi 6lC^£ 

[0 0 9 6] * C T**iffilTtt/^ - > B t A»t * 40 
B»fl«Jt«OfiJlfiffi*9 0ftlil(E*-a:T, ^->B 

[0 0 9 7] 01 7«H1 1 4:BI«, /^->A, 
->B*SLfe, l/f^;HO¥IHT*6Stf, 017 
<D U?- * ;l/ 4 H: * - > B (OStu At* "T & HSSfilftft 
*0«3fcffii*9 0«liHES-»*iWttaE»ai«7 O^filft 

ffli^tf i/2jgs«*iaffl-e^«o i/2?£fiffi;£i!ffl 
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[0098] 01 8 4 1 . £cffl 8 0 O^TfRlJC jt^M^ffl 8 
KDfifa (y*|q|) k:liJttLfcS[«««)lfi«tc»LT« 

[0099] myes&mwi o*^*— >B<DinaidK 
m<DMmm<Dfa±tfmm-e s s c * k & s 0 

[0 10 0] ffi3ta«««7 0fcUTS©tttt*fipofc3tt 
SS«fflft£»*«7 OOf^CcfcoTMatSil^tf 
^<0fflJteB5O|eIteft^9 OJgi^CD^^ffilC^T^ 

[0101] *||«MT(±BBW*fT5/^*->»i:ttfi[ffl 
[0102] W±(0*Slfl!iWfc:fev>TiH)tt»B9*U^ 

[0103] 0 2 0 te*§£w<DmmtJj&*¥mfom : ? 

[0104] 02 oic*5i^T. 3ttiB 1 . ^-X-r-r^W 
>"r^L— 2. lil/>X3, U^;l/4. Jg^P 

[0105] mmm4t^mmmi-3tm^mt, m 

£1<>7-?)1>5 4<D?3) tdSBPL. U^^;l/5 4 frc Al*^" 

[0 10 6] lCT*, *HfiS<5!IOL^^-^;l/5 4±<D>^ 
-y5 4a«H2 1[C/TNt<fc5U:iaSlSl (y^lRj)Jcffi 
tfSXUv h 6 0-6 4 <£DiSS«t)3iL^*— VfcSS 
Tar&J (x^ffRl) tItfSXU7h6 5-6 9«k!}tfS|| 

[0 1 0 7] 0 2 2 4»<D#4»SI5 7 0 Hmftffi-V 4 PS^gg 
^rcRJKBHPSS7 1 -7 4 7b^3®aSPk*oT*5t), C 
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«7 1 -7 4fr£Oft;£ 1^^1/4 ^#ASt2-£ 

So 

[0 10 8] *^SS0O"ettCO<J:3a»A«!!8Wffi^3* 
5 9*aift60T«5o 

[0109] |21*059a, 5 9 b«±AI#Lfc*0 

t>7sV v h 6 0-6 4 (D&ttmzspff&Jjfil (yJj 10 

[0 110] -7?, ffiftSPW5 9 bttXUy h6 5-6 
9(DM#*fRjtc¥tT^^roI (x#fij) tcs^brc^^ 

[0 111] *Hfi£#JTi3u l/f^;l/5 4±OM^-> 
5 4 a fcUT«ffl|2^iaife:HtfSXU v h*fJofc(Dfc: 20 
ov>tKBtft^ -^n^O^fqi^^^XU >y 

[0 112] «^IC*^TIWSW9*UW 

[0 113] il(OttffifcSl9JiL/f?;l/5 4_htcS 
*<D#rnJfc:5£tf SXU *y htfSoTfeXU *y h^^HJSf 

XU7h Oi^fiHcflBtt Lft«3©tt«W!l?* S cfc 9 
£U fit, c©«3t)tt"e*S«"rsJ:9H:LT^So 30 

[0114] m^mmm<ommms\z'o^xmm'r 

[0 115] 0 2 3te*HfiSW01x^;l/5 4ffi_h<D/^ 
^->5 4 aOKiHTSSo mmiC^U^^;V5 4 

-8 4, JBLZfffiftfa (xTSTIrI) tgtf5X'Jyh8 5- 

T&S*\ ^SffiMTttH+OXU >y M^tfft^n 40 
TV*SgP#8 0, 82, 84, 85, 87, 8 9tga 

•r^^ofiffl^gp^s 1 , 8 3, 8 6, 8 8*saa*rs 

[0 116] 5 9 a, 5 9 b &MytffittV$> S . U*-* 

;i/ 5 4 fcira t l < tt«raKHH*bfe)ttt> l < mmytft 

tfAMLtct^lc, *<oyt<o 5% XV vh<omtt fate 
■*tftIMO**XU *y RcAI*2H*T^S 0 X. 
7'<— 8 kLTttHSBffi|2 0«^fcra«Hl 3^ 
ibf^O^^TV^o 50 
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[0117] ***WT?«JM±<D«fe5*#l*fc:J:oT. 

So 

[0 118] CCt1il/f^;b5 4±<D^-y^LT 
[0 1 19] C C 1/f ^;V±^^->^ 5 *©7 

So 

[0 1 2 0] X, v>7kffitt«B*fflvv*\ iSffitlgtt 

[0 12 1] ^c±fB^LfcS^^^OTL/cT f ^ 
(I C^L S IfWSftf7^ »*W4«fi>**;b 

[0 1 2 2] xf77 1 (mssistf) T?tt¥»fl*?© 

[0 12 3] — Xf7^3 (^x/n— »iB) T*&-> 

[0 12 4] &<DXtv7 5 (ffl^SCT) Wllgi:^ 
t£*U X•7 : ->y^4^^:c}:oT^$tlf03l/^-"^fflV^T 

7^5 x^m^nt^mwm^mYmmrrx v , 
*?*<^jsu chtfiuflf (xf7/7) 2ns 0 

[0 1 2 5] 0 2 5^±fe^x.^->7 p n-trXcDPffl*^ 
[0126]Xf7yil (ffiffc) T1WXA-(DSS 

*»fl:S-&So Xf7^i2 (CVD) Ttt^x/N-S 
i^Sil^Mt^o Xf7yi3 Tfc* 

4 Ttt^x/N— tc>r*>*n*-eiitro X 

T771 5 (I^XUfiS) Tii^X^-tC^^J^M 
TfTTSo Xf77 p l 6 Ttt±l5WWLfc«)tS 
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yttZx, Xf'^l 7 (gift) TiiSftLfOx/N-S: 

^x h mimnrnftttm k> m. %> „ xr'^i9 ( u ->*x 

[0 12 7] **Sii^«ji*)*«rffl^n(i\ 

T^So 10 

[0 12 8] 

[0 12 9] CtD^*|§0^^J;ntfW±<D<k^lCjl^tt 

[0 1 ] ^mnmm^m^T.T- y/<—icmm l 

[0 2] 0 1 cDU-^;KDgftHJ?0 

[S3] 0 1 (o^^Mcn-t^mmftcom.^^ 



[1^4] 0 1 ©t/^-^^— commm 

[0 5] 01 <Dfif ft=SB©ltfBJ30 

ra6] 0 1 (Du^-^ji<Dm<omt 

[0 7] 0 6 ©— gP»tOUJ8g0 

[0 8] 0 6 €>-gB»©itfBE0 

[09] *mmmmmzKfrfr&v+?)\;<Dmffl 
m 

[010] ^m<DnMm2\CfrfrZ>7/*.— — (O 



[011] u7-^;b±©^#— >%m-?m 

[012] i 1 1 Ol/f ^;Ho^^->OiI^ 40 



13] ^mm(ommm3\,z^7^— =f-*r— &m 



[014] *mR<ommm 3 t^ii^B^*-^ 
[015] 011 <d^#—is tMWft(Dmyt(Dm&tt 



16] 01 1 0/^->i:BaH^cD<l7feOllS^ 



20 

STT0 

[017] ^W<DmMm3lC&Z>ls-!7?-)l±_(D^2 

[018] *5§Bji<7)i!ss0] 3 ^#;s,<iM&gfi<Diii 

[019] 0 1 KD'^->kmmft<Dmft<DM&tt 

[0 2 0] *§%wcom&&?>&*x c r -y^-icmm b 
fc i: a commm 4 ©ggpsus0 
[021] 011 <o— commm 
[022] 011 co— fflftcomwm 
[023] *5$m<ommm 5 tis v^tivcommm 

[024] *^lc^S¥*^?©iajt^ffi07a 

— vm 

[025] *f§B^t^S^«f**?(D»it^}S (C*5(t 
^jx/n— -fn-^Xcoyu— =f-^ — h0 
[026] «±©ffi*@#:fi5£:S|-f a&B80 

[027] mfccDftm^&zmyuifacom^itmm-? 
%>tcibcomfflm 

[02 8] X'J v Ht¥tT*:73[nlEl^LftMI^ 

[029] v bicmw&jjfaicmft.Lfcftttm^ 
tc t %comffi±<o&mwfittm-?m,wm 

[03 0] XU HcTfT&^ftlcdftLfcft^ffl^ 

rct^co&ffii'? tm. mxmmmic £2><m±.coim 
ttftcomwm 

[03 1] X'J7 htC^it^lfiltflTtb/CT'e^fflV^ 

[032] m^m^^-^commmmm^mtmm 
0 

[033] tt±©jg^*^«-r^0 

[034] im±<o&&ftifittm?mwm 

[0 3 5] &ffl>'7 h^fflV^c^B-O^OjgitB^ 

*p^-riaw0 

[036] mxmmm^m^rcm^com±comm^ 
m^commi 

1 KM 

2 2f-7 P -5^*;lM'>-5^U-^— 

3 KPJil^X 
4 

5 t9s.&l<>X 

6 ¥*i*^x/v- 

7 Xf— >" 

8 tvs— ^-r— 

9 fifft^B 
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